Abstract. Raw milk is an ideal growth medium for microorganisms (including many fungal species), as such milk provides all necessary nutrients and conditions for their growth. The objective of the present study was to investigate the diversity of microscopic fungi in the milk obtained in Latvian organic farms depending on cow herd size and season. The study was carried out on 547 milk samples taken from 14 organic dairy farms from December 2011 to November 2012. The farms were divided into three groups according to herd size: small (S -3-30 cows per shed), medium (M -31-60 cows per shed), and large (L -61-120 cows per shed). Milk samples from all four quarters in the same sampling tube were studied. Yeasts and moulds were found in 63.1% and 44.2% of samples, respectively. The identified mould strains belonged to 15 genera -most frequently to Absidia, Aspergillus, Apophysomyces, Mucor, Penicillium, and Rhizopus spp. The highest occurrence of yeasts and moulds was in L herds (73.6% and 50.9%, respectively). Also, milk samples from L herds had the greatest degree of yeast and mould contamination (5.3 and 2.8 log CFU mL -1 , respectively). It was found that the occurrence of yeasts was similar by seasons (54.9-68.9%), varying from 5.5 log CFU mL -1 in winter to 2.1-3.3 log CFU mL -1 in other seasons. The occurrence of moulds was the highest in spring (61.6%) and autumn (58.5%), but in winter and summer it was twice lower. The milk samples obtained in winter and summer contained more mould colonies (2.7 and 2.5 log CFU mL -1 , respectively) than those obtained in spring and autumn (1.8-1.3 log CFU mL -1 , respectively).
Introduction
Raw milk is generally considered an ideal growth medium for microorganisms, including many fungal species, because such milk provides all necessary nutrients and conditions for their growth (Callon et Compared to bacterial diversity, only a few authors have studied the composition of fungal communities in raw milk, even though the knowledge of fungal contaminants in raw milk may be of interest for the maintenance of high hygienic practices. Besides, fungi have great importance in the technological processes of making dairy products and they can be used to judge milk sanitary quality and the conditions of dairy production (Cocolin, The objective of the present study was to investigate the diversity of microscopic fungi in the milk obtained in Latvian organic farms depending on cow herd size and season. This is the first published article about microscopic fungi in the raw milk obtained in Latvia and a significant study about microbiological quality of the raw milk from Latvia's organic farms.
Materials and Methods
Five hundred and forty seven raw milk samples from 14 organic dairy farms, located in various parts of Latvia (regions of Kurzeme, Latgale, Vidzeme, and Zemgale), were collected in winter period (December 2011), when dairy cows were housed indoors, and in autumn period (October-November 2012), spring period (April-May 2012), and summer period (August 2012), when the cows were kept outdoors grazing on pastures. The organic farms are registered by the state control institutions. The size of the cow herds varied from 3 to 120 animals in a cow shed: four herds with 3-30 cows (S; number of milk samples n=86), four herds with 31-60 cows (M; n=250), and five herds with 61-120 cows (L; n=210) in a cow shed. Altogether, 144 samples were collected in winter, 138 samples -in spring, 159 samples -in summer, and 106 samples -in autumn. For sampling, 15 lactating cows were chosen from each herd. Milk samples in herds with less than 15 cows were collected from all lactating animals. The study included various breeds (Latvian Brown, Holstein, and Danish Red) as well as different varieties of cross breeds from the first to ninth lactation.
Milk samples from all four quarters in the same sampling tube were collected by trained farm personnel. The samples were collected in sterile 7-mL Vacutainers (Vacutest Kima, Italy), immediately transported to the Laboratory of Microbiology of the Research Institute of Biotechnology and Veterinary Medicine "Sigra" (Sigulda, Latvia) under the temperature of 10 °C, and then frozen at -20 °C for 2-6 weeks until analysis.
For the enumeration of yeasts and moulds, Sabouraud Dextrose agar (Biolife Italiana, Italy) was used according to the standard LVS ISO 21527-1:2008 "Microbiology of food and animal feeding stuffs -Horizontal method for the enumeration of yeasts and moulds -Part 1: Colony count technique in products with water activity greater than 0.95".
Three dilutions in peptone water (Biolife Italiana, Italy) were prepared from the milk samples, then 1 mL per plate of the original sample and of each dilution was transferred into sterile plates. The plates were incubated at 22.5±1 °C for 10-14 days for identification. The identification of microscopic fungi belonging to genus was based on colony characteristics (pigmentation, shape, background colour) and on microscopic examination according to indications of authors (Carter & 
Results
Out of the total number of raw milk samples (n=547), yeasts were found in 345 samples (63.1%) and moulds were found in 242 samples (44.2%). Depending on herd size, the occurrence of yeasts was 66.3% in S herds, 51.1% in M herds, and 73.6% in L herds. The average number of microscopic fungi depending on herd size is presented in Fig. 1 . The results showed that the greatest degree of yeast contamination was in L herds (210011 CFU mL G. Gulbe, A. Valdovska Microscopic Fungi in the Raw Milk from Latvian Organic Farms followed by M herds (9555 CFU mL -1 or 4.0 log CFU mL -1 ), but the least contaminated samples were detected in S herds (1212 CFU mL -1 or 3.1 log CFU mL -1 ). The occurrence of moulds was 26.7% in S herds, 45.0% in M herds, and 50.9% in L herds. The greatest degree of mould contamination was in L herds (609 CFU mL -1 or 2.8 log CFU mL -1 ), then follow S herds (120 CFU mL -1 or 2.1 log CFU mL -1 ), but the least contaminated samples were detected in M herds (14 CFU mL -1 or 1.1 log CFU mL -1 ) (Fig. 1 ). Depending on season, the occurrence of yeasts was similar in all samples (54.9-68.9%). The greatest number of raw milk samples contaminated with moulds was detected in spring (61.6%) and autumn (58.5%), whereas in winter and summer the moulds were isolated twice less frequently (about 31%).
The average number of microscopic fungi depending on season is presented in Fig. 2 . The greatest degree of yeast contamination was in winter (321937 CFU mL -1 or 5.5 log CFU mL -1 ), followed by summer (2224 CFU mL -1 or 3.3 log CFU mL -1 ) and spring (583 CFU mL -1 or 2.8 log CFU mL -1 ), but the least contaminated samples were detected in autumn (117 CFU mL -1 or 2.1 log CFU mL -1 ). Mould isolation gave similar results: Milk samples obtained in winter (562 CFU mL -1 or 2.7 log CFU mL -1 ) and summer (312 CFU mL -1 or 2.5 log CFU mL -1 ) contained more mould colonies than those obtained in spring (64 CFU mL -1 or 1.8 log CFU mL -1 ) and autumn (22 CFU mL -1 or 1.3 log CFU mL -1 ). Bivariate correlation analysis revealed that the effects of herd size on the yeast and mould count and isolated groups of moulds were significant (p<0.05) with a weak positive linear relationship ( Table 1) . The effect of season on yeast count was significant (p<0.01), but season's effect on mould count and isolated mould groups was not statistically significant.
The genera of isolated moulds are shown in The moulds of the genus Trichoderma were present in spring and autumn milk samples, but Cladosporium spp. were isolated in summer and autumn. The colonies that belonged to Rhizopus and Apophysomyces spp. were found in the milk samples taken in all seasons except for the samples taken in winter.
The presence of Aspergillus spp. in winter milk samples was found significantly less frequently (only 6.7%) compared to the samples collected in other seasons (44.2-66.0%). Penicillium spp. in the winter (6.7%) and summer (8.0%) milk samples were distributed less than in spring and autumn □ -winter; ▀ -spring; ▀ -summer; ▀ -autumn. 
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Discussion
The results of the present study showed that out of the total number of the raw milk samples (n=547) examined, the occurrence of yeasts and moulds made 63.1% (n=345) and 44.2% (n=242), respectively. Other researchers from Europe have reported a higher or similar distribution of fungi in raw milk. For example, Torkar and Vengus from Slovenia (2008) detected moulds in 63.3% of milk samples, and yeasts in 95.0% of milk samples, whereas Pesic-Mikulec, Stojanovic, and Jovanovic from Serbia (2005) found 57.0-100.0% of milk samples contaminated with microscopic fungi (including both yeasts and moulds).
In our research, depending on herd size, the highest occurrence of yeasts (73.6%) and the greatest degree of yeast contamination (5.3 log CFU mL -1 ) were established in the milk samples collected from L herds; besides, these samples demonstrated also the highest occurrence of moulds (50.9%) and the greatest degree of mould contamination (2.8 log CFU mL -1 ). Yeasts and moulds in the raw milk samples from herds with a smaller number of cows were distributed less than in the largest herds: in S herds -66.3% of samples with yeasts, and 26.7% of samples with moulds; and in M herds -51.1% of samples with yeasts, and 45.0% of samples with moulds. Also, the milk samples taken from S and M herds contained less yeasts (3.1 log CFU mL -1 and 4.0 log CFU mL -1 , respectively) and moulds (2.1 log CFU mL -1 and 1.1 log CFU mL -1 , respectively) than the samples from L herds.
In the literature, there are few data about the relationship between the amount of microscopic fungi in milk and the herd size. It is hypothesized that differences in herd size and farm management practices may influence the microbial quality of milk (Cempirkova, . Our research revealed that these conditions are met more successfully in the farms with a moderately low herd size -31-60 cows per shed. The farms where herd size is small (less than 31 in our study) usually are not so well equipped with high-tech milking machines and cooling facilities, producing milk of a lower microbial quality (Dankow, Wojtowsk, & Fahr, 2004) , whereas large herds often have inferior hygienic conditions than those of a medium size because of the high animal density, especially in free stalls.
Depending on season, the highest occurrence of moulds was observed in spring (61.3%) and autumn (58.5%), but in the winter and summer milk samples it was twice lower (about 31%); however, the mean mould colony count per mL in the winter (2.7 log CFU mL -1 ) and summer milk samples (2.5 log CFU mL -1 ) was higher than in the milk samples obtained in other seasons.
The occurrence of yeasts was almost constant throughout the year (54.9-68.9%). The greatest degree of yeast contamination was in winter milk samples (5.5 log CFU mL -1 ), followed by summer (3.3 log CFU mL -1 ) and spring (2.8 log CFU mL -1 ) milk samples, but the least contaminated samples were detected in autumn (2.1 log CFU mL -1 ). A study of the D. Pesic-Mikulec group revealed a significant correlation between the season and the count of moulds in raw milk (Pesic-Mikulec, Stojanovic, & Jovanovic, 2005). These authors found that the percentage of moulds in raw milk samples varied depending on geographical location and season of a year, i.e., from 46.64% in winter to 91.30% in autumn in the milk samples obtained from a region of alluvial plains by a river. Other researchers (Elmoslemany et al., 2010) had assumed that a warmer air temperature might allow the microorganisms to grow faster; however, their research demonstrated that variations in seasonal data could be influenced not only by air temperature and precipitation but also
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by some management practices such as environment and cow hygiene. In our study, the highest degree of yeast and mould contamination was found in winter milk samples, followed by summer milk samples. Many authors have reported on a higher number of yeasts and moulds in ensiled feed that was used mostly in winter season. These microorganisms very often transfer from feed to milk (Torkar & Teger, 2008) . In view of these assumptions, it is possible that a warm ambient temperature in summer and a highly contaminated feed in winter favour a higher microscopic fungi concentration in raw milk compared to spring and autumn; however, this does not explain why just in autumn and spring the occurrence of microscopic fungi is distinctly greater.
In our study, the most common genera in the raw milk from all cow herds were Aspergillus, Penicillium, Absidia, Mucor, Rhizopus, and Apophysomyces spp. , and Scedosporium spp. were isolated more rarely, which also agrees with the findings of the above-mentioned authors. Besides, from some samples, we isolated moulds that have not been mentioned previously in the literature in connection with cow milk -Chaetomium spp., Rhizomucor spp., and Sepedonium spp.
Yeasts themselves are not commonly the cause of spoilage of dairy products, unless they ferment lactose. In this case, they can grow rapidly and produce a characteristic yeasty flavour and obvious gas (Torkar & Teger, 2008) . Moulds, like yeasts, are normally regarded as spoilage organisms in milk. Moulds are important in the milk that is used for the manufacture of cheese and other dairy products. Specified mould species called starter-moulds are used during a cheese manufacturing process with the aim to enhance the flavour and aroma of cheese and to modify its body and structure (Wouters, Ayad, Hugenholtz, & Smit, 2001 ). There is a study that suggests that non-starter yeasts and moulds can transfer from raw milk to raw milk cheese and may negatively influence cheese ripening ( (Britt, 1998) .
Several authors have stated that animal feeding stuffs are the source of the microscopic fungi of the barn environment. The studies on microbial transfers from the stable to the milk reveal that most of the fungal species found in milk were also found in the cow-shed and the milking parlor environments, indicating a large microbial transfer from shed to milking parlor and then to milk 
Conclusions
1. Out of the total number of raw milk samples (547), yeasts and moulds were found in 345 (63.1%) and 242 (44.2%) samples, respectively. 2. The occurrence of yeasts in raw milk samples depending on the cow herd size made 66.3% in small herds, 51.1% in medium herds, and 73.6% in large herds. The highest degree of yeast contamination was in large herds (5.3 log CFU mL -1 ), followed by medium herds (4.0 log CFU mL -1 ), but the least contaminated samples were detected in small herds (3.1 log CFU mL -1 ).
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3. The occurrence of moulds in raw milk samples depending on the cow herd size was 26.7% in small herds, 45.0% in medium herds, and 50.9% in large herds. The highest degree of mould contamination was in large herds (2.8 log CFU mL -1 ), followed by small herds (2.1 log CFU mL -1 ), but the least contaminated samples were found in medium cow herds (1.1 log CFU mL -1 ). 4. The occurrence of yeasts in raw milk samples depending on season was similar throughout the year and varied between 54.9% and 68.9%. The highest degree of yeast contamination was detected in winter (5.5 log CFU mL -1 ), lessin summer (3.3 log CFU mL -1 ) and spring (2.8 log CFU mL -1 ), but the least -in autumn (2.1 log CFU mL -1 ). 5. The occurrence of moulds in raw milk samples depending on season was the highest in spring (61.6%) and autumn (58.5%), whereas in winter and summer the moulds were isolated twice less frequently (about 31%). The raw milk samples in winter (2.7 log CFU mL -1 ) and summer (2.5 log CFU mL -1 ) contained more mould colonies per mL than in spring (1.8 log CFU mL 
